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An Analysis of Stress over a Bonded 
Repaired Stiffened Panel 
Ramzyzan Ramly 
Wahyu Kuntjoro 
ABSTRACT 
Damages in aircraft structures are classified as negligible or intolerable. 
Intolerable damage should be repaired to maintain airworthiness of the aircraft. 
One of the damages covered in this paper is crack damage and the repair on it. 
The damage location in this paper is on the skin next to the stringer section. 
Most damage repair methods and procedures are prescribed in the Structural 
Repair Manual (SRM). This paper presents strength/stress analysis on the 
section (stiffened panel) before damage, after damage, and after repair using 
bonded patch. Finite Element Analysis (FEA) software called ANSYS was 
used. An experimental method was used to validate the FEA method. The results 
of the analysis showed that the strength of the repaired structure was restored. 
Both methods showed agreement in the results pattern. 
Keywords: Stress analysis, bonded patch repair, stiffened panel 
Introduction 
Thousands of commercial aircraft operate today. Many of these aircraft are 
considered old or aged. It is expected that all old or aged aircraft will experience 
damage whether it is small or large. Damage in aircraft structures are generally 
classified as negligible or intolerable. Since commercial aircrafts are constructed 
to be in Damage Tolerant Design (DTD), negligible damage is not threatening 
and the aircraft can still operate under some limitations. Intolerable damage 
however, should be repaired to prevent growth of the damage and to maintain 
airworthiness of the aircraft. This paper presents stress analysis of bonded 
repair on a stiffened panel at three different conditions. The conditions are: 
before damage, after damage, and after repair. Crack damage was induced using 
Electrical Discharge Machine (EDM) Wire Cut, in the middle of the skin above 
the stringer of the stiffened panel. Repair was done to the crack using bonded 
patch method. The stress analysis was performed by applying axial loads at the 
edge of the skin of the stiffened panel. There were two methods of analysis 
conducted: finite element analysis and experimental analysis. 
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Three different models (represented the three different conditions) were 
analyzed in the finite element analysis. For the experimental analysis, the 
specimens were constructed and tested using Universal Testing Machine (UTM). 
Strain gages were used to measure the strains. The materials used in the experiment 
were aluminum alloy 2024-T3 for the skin and stiffener and aluminum alloy 2117-
T4 was used for rivets. For the bonded patch, a poly-epoxy, a structural resin 
based epoxy, was used. 
The construction of the stiffened panel and the repair procedures are 
prescribed in the Structural Repair Manual (SRM). Information on the aircraft 
structure was provided by Niu [ 1 ] and Kroes [2]. A repair can be performed with 
the guidance from the MAS training notes [3], and the SRM [4]. Similar researches 
have been done on this subject area. Stress analysis on the stiffened panel with 
a damaged stringer [5] was performed. It was established that one of the repair 
requirements over a damaged skin was to have a rounded corner [6]. Finite 
element analysis was a common tool to investigate the stress over a skin with 
riveted joints ([7], [8], [9], [10], and [11]). A number of researches were also done 
regarding the bonded patch repair method ([12] and [13]) for example using 
"Rose-Model" [14], and some studies were done on the metal composite bonded 
repairs [15]. This paper studied the skin load transfer to the patch by simulating 
it using FEA and verified the analysis with experimental data. The main difference 
in this research compared to other studies above, in this research, the method of 
repair which is normally prescribed in the SRM using rivets, is totally replaced 
by epoxy adhesive but still follow the process and procedures by the SRM. 
Objectives 
The overall objectives of the research reported in this paper are as follows: 
a) To study the stress behavior due to load transfer through FEM and 
experiment of a stiffened panel at three conditions: original (before damage), 
damaged, and repaired. 
b) To compare the results of analyses between FEM and experiment. 
Research Methodology 
In this research, the specimen used in the study was stiffened panel where a skin 
stiffened by a hat-shaped stiffener. The skin was joined with a stiffener, which 
had a hat shape with an extra flange and lips at the end. This type of stiffener was 
more resistant to bending. The loads were only applied on both ends of the skin. 
Figure 1 show the schematic diagram of the research subject. Figure 2 to Figure 
4 show the 3-D diagram of three conditions. In this design, a series of seventeen 
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rivets were used. The rivet shank diameter, D, was 3.0 mm. The rivet spacing, 
pitch, was 10D (approximately 30 mm). The edge of the skin was 10 mm. The 
skin's dimension was about 470 mm long by 300 mm wide. The thickness of the 
skin was 1.016 mm. The stiffener's thickness was about 0.823 mm. For the damaged 
condition, the crack damage was induced using EDM machine available in Faculty 
of Mechanical Engineering, UiTM. In the bonded repair condition, the repair 
procedures were conducted according to the Structural Repair Manual (SRM). 
Poly-epoxy (a structural resin) was used to mate the patch with the damaged 
skin. 
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Figure 1: Lay-out and Geometry of the Stiffened Panel 
Figure 2: 3-D Diagram of the Original Condition Stiffened Panel 
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Figure 3: 3-D Diagram of the Damaged Stiffened Plate 
Figure 4: 3-D Diagram of the Riveted Patch Repair Stiffened Panel 
The FEA method was used to find stresses in the skin between rivets and 
also to find stresses in the stiffener between rivets. ANSYS version 8.1 was 
utilized in generating the finite element model. In this model, shell element 
(SHELL63) was used to simulate the skin and the stiffener, while beam element 
(BEAM44) was used to simulate the rivets and the adhesive. The adhesive layer 
was divided into 500 small solid elements in order to enable the use of BEAM44. 
These two elements were used due to their 6 degree of freedom capability. For 
the damaged condition, the elements around the damaged area were remodeled 
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with a finer mesh so that more precise results could be obtained in this area. The 
results from this method were then verified by experiment. Figure 5 shows the 
FEM of the stiffened panel. In the model, the load was applied on the skin axially. 
Boundary conditions were set at middle of the panel where it was rigid axially, 
but free transversely. However at the loaded nodes, the nodes were set to be 
rigid transversely but free axially. 
In the experimental method, the specimens were constructed and fabricated 
using the original material of aircraft which was 2024-T3 aluminum alloy for the 
skin, stringer and patch, 2117-T4 for the rivets, and structural poly-epoxy resin 
for the adhesive. Strain gages were glued on the space between rivets. A Universal 
Testing Machine was used to apply tensile loading on the specimen. Data logger 
was used to acquire data from the strain gages which gave the result in micro-
strain (|Ll8). Figure 6 shows the specimen and attachment jigs for experimental 
method. In the experimental method, six specimens were tested (two specimens 
per condition). 
In order to apply the axial load on the specimens, a pair of special attachment 
jigs was fabricated. The jigs work by clamping the skin together using tightening 
bolts and nuts. Holes were drilled on the skin in order to secure the jigs in place 
and to ensure that the load was distributed thoroughly to the skin. Strain gages 
were glued on each panel between rivets. These strain gages were connected to 
Figure 5: The Finite Element Model of the Stiffened Panel with Axial Load 
Applied on the Skin Edge (on the left), The Finite Element Model of the 
Stiffened Panel with Bonded Patch (on the right) 
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a data logger. The experiment was carried out using a combination of Instron 
Universal Testing Machine, UTM, and a Kyowa Data Logger. The experiment 
was conducted by applying a load ranging from 1000 N up to 8000 N with an 
increment of 1000 N. For comparison with FEA result, the 5000 N load was used. 
This load was chosen as it was large enough to deform the aluminum alloy 
without yielding the material. 
For comparison between the FEA and experiment, a similar set of observation 
points was used in all cases. The strain gages locations in the experiment were 
referred as observation points in the FEA. 
Upper 
Mounting Rod 
Specimen 
Lower 
Mounting Rod 
Figure 6: The Specimen for Experimental Approach 
Results and Analysis 
The data collected from both methods were represented in graphical forms and 
laid side by side in Figures 7 to 9. The graphs on the left were the results 
obtained from FEA while the graphs on the right show the results obtained from 
experimental method. The result of plots follow the graphical representation of 
stress distribution obtained from FEA (refer Figures 10 to 12). The plots presented 
on the left side in Figures 10 to 12 show the stress distribution viewed from the 
skin side, whereas the plots presented on the right side show the stress 
distribution viewed from the stiffener side. 
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Stress on Stiffened Panel at Original Condition under 5kN. (FEA) 
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Figure 7: The Comparisons of Stresses on Stiffener and Skin between FEA 
Method (a) and Experimental Method (b) at Original Condition under an Axial 
Loadof5kN 
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Stress on Stiffened Panel at Damaged Condition under 5kN. (FEA) 
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Figure 8: The Comparisons of Stresses on Stiffener and Skin Between FEA 
Method (a) and Experimental Method (b) at Damaged Condition under an 
Axial Load of 5kN 
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Stress on Stiffened Panel at Riveted Repair Condition under 5 kN. (FBV) 
20.0 
15.0 
10.0 
(a) 
Stress on Stiffened Panel at Riveted Patch Repair Condition under 5 kN. (Experiment) 
- Stringer —•— Skin Strain Gage Number 
(b) 
Figure 9: The Comparisons of Stresses on Stiffener and Skin Between FEA 
Method (a) and Experimental Method (b) at Riveted Patch Repaired Condition 
Under an Axial Load of 5kN 
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Figure 10: The Stress Distribution of The Stiffened Panel at Original 
Condition Under an Axial Load of 5 kN, Skin Side (Left) and Stiffener 
Side (Right) 
Figure 11: The Stress Distribution of the Stiffened Panel at Damaged 
Condition Under an Axial Load of 5 kN, Skin Side (Left) and Stiffener 
Side (Right) 
Figure 12: The Stress Distribution of the Stiffened Panel at Bonded Patch 
Repair Condition under Axial load of 5 kN, Skin Side (left) and Stiffener 
Side (right). 
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Based on the graphs above, the observation points for comparison were 
taken from point 3 onwards for FEA and strain gage number 3 onwards for the 
experimental results. This was due to the fact that at point 3, the stress level in 
the stiffened panel reached the steady state. 
The graphs show that the results were similar in pattern at their steady 
state. From the experiment, it was found that the stresses on the skin and the 
stiffener increase from the edge (where the loads were applied) towards the 
middle of the panel for the original condition. 
In the damaged condition, the stress on the skin increases gradually towards 
the middle of the panel, but then drops significantly at the damaged area. However, 
the stress on the stiffener increased gradually with the maximum level in the 
middle of the panel (refer point 8 in the left figure, and strain gage number 8 in the 
right figure, of Figure 8). This shows that the stiffener takes up the load from the 
damaged skin. 
After the damage had been repaired, it was found that the stresses on the 
skin increase gradually but are lower at the patch area. The same was true for the 
stiffener. At the middle of stiffener (where the damage occurs on the skin) it was 
found that the stresses were also lower at the patch area. 
The values of the stresses for both methods are compared in the following 
Tables 1, 2 and 3. 
Table 1: Comparison of Stress Levels Between FEA and Experimental Analysis 
at Original Condition under the Load of 5 kN. 
Location 
of Strain 
Gages 
3 
4 
5 
6 
7 
8 
Stress 
FEA 
13.287 
14.985 
15.621 
16.129 
16.393 
16.391 
levels and Percentage Difference between FEA and 
Experiment, N/mm2 
Stringer 
Exp. 
10.40 
12.00 
14.30 
14.00 
14.20 
13.90 
Average Difference 
% Diff 
21.7 
19.9 
8.5 
13.2 
13.4 
15.2 
15.3 
FEA 
17.196 
17.306 
17.415 
17.476 
17.517 
17.583 
Skin 
Exp. 
11.30 
12.70 
14.80 
15.00 
14.70 
15.20 
%Diff 
34.3 
26.6 
15.0 
14.2 
16.1 
13.6 
20.0 
Table 1 above shows that the experimental method verifies the FEA model. 
The average percentage difference for the stringer was 15.3% and for the skin 
was 20.0%. The smallest difference was 8.5% for the stringer and 13.6% for the 
skin. The biggest difference was 21.7% for stringer and 34.3% for the skin. 
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Table 2: Comparison of Stress Levels between FEA and Experimental 
Analysis at Damaged Condition under the Load of 5 kN 
Location 
of Strain 
Gages 
3 
4 
5 
6 
7 
8 
Stress levels and Percentage Difference between FEA and 
FEA 
13.269 
14.723 
15.587 
16.095 
16.434 
16.928 
Experiment, N/mm2 
Stringer 
Exp. 
13.30 
11.90 
13.60 
13.20 
14.00 
14.60 
Average Difference 
%Diff 
-0.2 
19.2 
12.7 
18.0 
14.8 
13.8 
13.0 
FEA 
17.183 
17.283 
17.365 
17.349 
17.055 
5.934 
Skin 
Exp. 
9.88 
10.90 
12.60 
12.20 
13.50 
4.20 
%Diff 
42.5 
36.9 
27.4 
29.7 
20.8 
29.2 
31.1 
Table 2 above shows that the experimental method verifies the FEA model 
(at least for the stringer). The average percentage difference for the stringer was 
13.0% and for the skin was 31.1%. The smallest difference was -0.2% for the 
stringer and 20.8% for the skin. The biggest difference was 19.2% for stringer 
and 42.5% for the skin. 
Table 3: Comparison of Stress Levels between FEA and Experimental Analysis 
at Bonded Patch Repair Condition under the Load of 5 kN 
Location 
of Strain 
Gages 
3 
4 
5 
6 
7 
8 
Stress levels and Percentage Difference between FEA and 
FEA 
11.935 
14.143 
11.598 
16.297 
13.718 
11.258 
Experiment, N/mm2 
Stringer 
Exp. 
12.20 
10.80 
11.60 
9.52 
11.00 
7.96 
Average Difference 
%Diff 
-2.2 
23.6 
0.0 
41.6 
19.8 
29.3 
18.7 
FEA 
18.196 
19.121 
12.051 
13.892 
12.873 
10.131 
Skin 
Exp. 
14.50 
18.40 
13.80 
9.27 
12.20 
9.16 
%Diff 
20.3 
3.8 
-14.5 
33.3 
5.2 
9.6 
9.6 
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Table 3 above shows that the experimental method verifies the FEA model. 
The average percentage difference for the stringer was 18.7% and for the skin 
was 9.6%. The smallest difference was 0% for the stringer and 3.8% for the skin. 
The biggest difference was 41.6% for stringer and 33.3% for the skin. 
However, the readings of observation points and strain gages showed that 
the load application points for the FEA and experiment were not the same or 
identical. For the FEA, the loads were applied on the nodes at the edge of the 
skin, but this was not done in the experiment. In the experiment, the skin was 
drilled in order to enable the clamping jigs to be securely installed. The reasons 
for the disagreement were: 
a) The holes drilled were off-set to the edge of the skin by about 20 mm. Even 
though the jigs were bolted tightly, most loads concentrated around the 
holes edge and not on the skin. 
b) The off-setting of the holes caused the area before the holes to experience 
compression while the area after the holes experienced tension. 
c) The holes were drilled away from the rivet line. The clamps were also far 
from the rivet joints. This caused the loads transferred through the skin to 
act on more area before they reach the stiffener to reach steady state. 
Conclusion 
This paper has reported the analysis of stress on a stiffened panel at three 
different conditions: original condition before damage, damaged condition, and 
repaired condition. Stress analysis was performed by applying axial loads at the 
edge of the skin of the stiffened panel. Two methods of analysis conducted and 
compared: finite element analysis and experimental analysis. 
In order to perform the FEA, the stiffened panel was modeled using ANSYS 
version 8.1 software. Shell element (SHELL63) was used to model the skin and 
stiffener, while beam element (BEAM44) was used to model the rivets and 
adhesive. 
The analysis clearly shows that patch repair reduces the overall stresses in 
the patched area as compared to the panel in damaged condition. A comparison 
of the experimental results verifies the FEA analysis. 
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